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manly from two relatively synchronous waves of cell division in the first 96 Ii post-PH (1) . This model provides a reproducible system of adult differentiated cell cycling without chemical manipulation and without apparent stem cell involvement.
The reentry of hepatocytes and nonparenchymal cells from the normal quiescent G0 phase into the growth phases C1, S, and G2IM results in the discrete induction and disappearance of mRNA transcripts for many different genes. Three temporal patterns of gene induction during liver regeneration have been described (2). First, the major growth phase of the liver occurs through 72 h post-PH. Second, cell cycle-regulated genes exhibit temporal patterns related to the two major waves of cell division. Third, a group of genes including those that are liver-specific exhibit peak mRNA transcript levels after the major growth period. as illustrated in Fig. 1 , can occur at many steps after the synthesis of the initial heterogeneous nuclear (hn) RNA transcript.
Control has been shown to occur at the level of hnRNA stability and splicing (7) (8) (9) , polyadenylation (10), nuclear cytoplasmic transport of mature mRNA (11) , and mRNA stability (3) . Furthermore, as will be discussed later, the sites of splicing and polyadenylation during the nuclear synthesis of mature mRNA may affect the stability of the transcript molecule within the cytosol. Modulation of mRNA stability is, in fact, an important posttranscriptional mechanism responsible for the orchestration of gene expression during liver regeneration (12) (13) (14) (15) (16) (17) (18) (19, 20) . Hence, the apparent function of the poly(A) tract for specific mRNAs appears to be to prevent their premature demise, yet the exact mechanism by which this occurs is unclear.
It has been suggested that the poly(A) binding protein 1 (PABP1) complexed with the 3' terminus of the mRNA is involved because polyadenylated mRNAs are rapidly degraded in in vitro extracts depleted of PABP1 (19) The FASEB Journal KREN AND STEER The deduced pathway fordeadenylation-dependent decay is depicted in the upper panel. All eukaryotic mRNAs may undergo decay by this pathway unless they are targeted by the presence of an endonucleolytic cleavage site or a nonsense codon for deadenylation-independent decay (lower panel). Those pathways confirmed in yeast studies only are so indicated. During deadenylation-dependent decay, after the poly(A) tail has been shortened to --10--60 adenosine residues (22) the transcript is then degraded in a 3' to 5' direction mediated by exoribonucleases or endoribonucleases, or a combination of both. In yeast, after decapping the transcript is degraded by an exoribonuclease in a 5' to 3' direction. After endonucleolytic cleavage of a transcript in the deadenylation-independent decay pathway, it is not known whether the fragments are then subjected to either 3' to 5' and/or 5' to 3' decay, or decapping and 5' to 3' decay. Although nonsense codon-mediated transcript decay has been reported in mammalian cells (30, 31), the enzymatic pathway has only recently been elucidated in yeast (6) and appears to involve decapping, followed by 5' to 3' exonuclease degradation. The FASEB Journal KREN AND STEER adenovirus tripartite leader sequence (34). As indicated above, premature translation stop codons or "nonsense codons" shown in region 3 are known to affect mRNA stability, yet the exact mechanism by which they are able to acomplish this in mammalian cells is unknown. An interesting additional function of some early premature stop codons is to decrease the level of fully spliced nuclearassociated transcripts, thus reducing the steady-state levels of the mature mRNA available for translocation to the cytoplasm (7). Sequences within the coding region of mRNAs, indicated as region 4 in Fig. 4 Figure   5 illustrates an example of the alteration in steady-state transcript levels after PH for two transcripts, Cx 32 (Fig. SA) and ornithine decarboxylase (SB), which are inversely regulated at 0 and 12 h post-PH. The figure shows typical Northern blot data obtained from half-life determination studies, and the graphs depict the linear regression plots of the densitometric analyses. A summary of the results of the studies is presented in As indicated in Fig. 7 , the rate of poly(A) tail removal was increased for both transcripts coincident with decreased mRNA stability. These results would suggest that the rate of deadenylation of specific transcripts during liver regeneration is another factor involved in modulating mRNA stability post-PH.
However, the use of transgene constructs to investigate whether regions of a transcript identified in cultured cells affect transcript stability in vivo has indicated that regions of the c-myc transcript that were important in regulating its stability in vitro were dispensible in vivo (68, 84) . This is an interesting paradox, because in numerous tissue culture models the 5', and more particularly, the 3', UTR have been shown to be potentially more important than the coding region determinant in controlling the overall degradation rate of the c-myc transcript (3, 33 
